Introduction {#s1}
============

Bronchial asthma is a common controllable disease that causes a serious economic and social burden. Currently the disease is recognized by the World Health Organization as the most common chronic inflammatory disease characterized by paroxysmal symptomatic periods \[[@R01]\]. Asthma is overwhelmingly present in both the adult (5-7%) and pediatric (10-12%) populations \[[@R02]\]. In the USA specifically, asthma prevalence has steadily risen since the 1980s \[[@R03]\], as does its cost on the US health care system. From 2008 to 2013, the annual economic burden of asthma was estimated at more than \$81.9 billion, with an annual per-person incremental medical cost of \$3,266 \[[@R04]\]. Many factors related to a person's environment have been attributed to the increase in asthma prevalence, including indoor chemical use, external pollution, and rapid urbanization as well as its associated negative consequences \[[@R05]\]. Urbanization and the loss of protective factors have led to the synthesis of the hygiene hypothesis as well, which aggresses that over the last 30 years there is an observed inverse relationship in the prevalence of infectious diseases and the frequency of allergic and autoimmune disease processes \[[@R06]\].

The diagnosis of bronchial asthma requires diagnostic workup in patients who present with dry cough especially at night, rhonchi, wheezing, chest tightness, and shortness of breath, etc. The diagnostic workup includes pulmonary function testing with or without methacholine challenge.

If it is thought to be secondary to an allergic process, skin testing and immunoglobulin E (IgE) levels can also be tested \[[@R07]\]. Once the diagnosis is made, patients then require close follow-up and appropriate therapy based on stepwise guidelines.

The Global Initiative for Asthma (GINA) was developed to help guide clinicians in appropriate management of asthma, and has been updated most recently in 2018 \[[@R08]\]. In contrast to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria for chronic obstructive pulmonary disease (COPD), which combines objective evidence in the form of pulmonary function testing and symptoms, the severity of asthma as outlined by GINA is based on patient symptomatology. Asthma severity is graded based on number of daytime symptoms in a week, nocturnal awakenings due to asthma, how often rescue inhaler use is required, and any limitations of daily activity secondary to asthma. Treatment follows a step-up/step-down model in order to properly control patients' symptoms \[[@R08]\]. Therapeutic agents shown to be affective are those that decrease bronchospasm, such as short- and long-acting beta agonists as well as those that decrease inflammation such as inhaled corticosteroids (ICSs) \[[@R9]\].

The GINA guideline-directed therapy is seen as the standard of care for outpatient management of bronchial asthma and includes utilizing an as needed short-acting inhaled beta-agonist (SABA) at step 1, adding on a standing ICS at step 2, utilizing mid-dose ICS/long-acting inhaled beta-agonist (LABA) at step 3, and increasing doses of ICS/LABA at step 4, with step 5 being referral to expert for appropriate add-on therapy. Step-up guidelines do come with the caveat that patients should be continually evaluated at every outpatient visit for possible step-down therapy \[[@R08]\]. Stepping down and de-escalating agents help avoid adverse effects related to long-term use of medications, as well as cost for medications for the patients \[[@R10]\].

Adverse outcomes of poor asthma control can result in an increase in asthma exacerbations which in turn are a major cause of disease morbidity, increases in health care costs, and in a subset of patients, acceleration of disease progression \[[@R11]\]. Asthma exacerbations continue to be a major financial burden to patients and society, with one 2007 study estimating that patients with exacerbations incurred over double the costs when compared to patients without exacerbations \[[@R12]\]. Past studies have found that patients requiring an emergency room visit or hospitalization for an asthma exacerbation are at significantly increased risk for future exacerbations \[[@R13]\]. Despite the existence of published guidelines, common practice in many primary care clinics follows usual care based on clinical gestalt. We performed a retrospective chart review of our single outpatient office with aims to determine if there is an appreciable difference in the outcomes between patients receiving guideline-directed therapy and those receiving usual clinician therapy.

Materials and Methods {#s2}
=====================

Study selection {#s2a}
---------------

This study was a retrospective electronic medical record (EMR) review observing the management of patients with asthma in the primary care setting who were seen from July 1, 2018 to June 30, 2019. The inclusion criteria were patients of age 18 years and older who were seen in the outpatient office with a documented diagnosis of asthma. The exclusion criteria were patients under the age of 18 year, or those who did not have the diagnosis of asthma. This study was reviewed and approved by the Institutional Review Board at Cooper University Health Care, Camden, NJ, USA; and this study was fully compliant with the ethical standards set forth by the Cooper University Health Care Institutional Review Board.

Data collection {#s2b}
---------------

For each patient, pertinent data were collected including: age, gender, race, body mass index (BMI), smoking history, presence of comorbid conditions including allergic rhinitis, atopic dermatitis, nasal polyps, eosinophilia, congestive heart failure, COPD, end-stage renal disease (ESRD), end-stage liver disease (ESLD), anemia, rheumatoid arthritis, multisystem disease, psychiatric diagnoses, and gastroesophageal reflux disease (GERD). The following data related to asthma were collected: severity of disease, number of exacerbations in last year (defined as clinically significant dyspnea and wheezing requiring outpatient provider evaluation), number of hospitalizations in last year, adherence to guideline-driven medical therapy, documented medication use, such as SABA, ICS, LABA, long-acting anti-muscarinic agent (LAMA), leukotriene inhibitor, theophylline, zileuton, and omalizumab.

Statistical analysis {#s2c}
--------------------

Data were collected and stored in a Microsoft Excel (2016, Redmond, WA, USA) spreadsheet. The two study groups compared were defined as patients receiving guideline-directed medical therapy (GDMT) group and those that received usual medical therapy (UMT) group delivered by their primary care physicians. Statistical analysis was done by employing SPSS (Statistical Package for the Social Sciences, version 15.01, IBM, Armonk, NY, USA). Independent *t*-tests were utilized to compare continuous variables between the study groups. Chi-square tests were utilized to compare categorical variables between the study groups. Logistic regression models were utilized to determine if there was a significant difference in outcomes for patients comparing number of exacerbations and number of hospitalizations. A P value of \< 0.05 was utilized to determine statistical significance.

Results {#s3}
=======

A total of 300 patients were included in this study, with 139 in the GDMT group and 161 in the UMT group. The mean age of patients in the GDMT group was 56.67 ± 15.57 year compared to 56.70 ± 15.79 year in the UMT group (P = 0.986) ([Table 1](#T1){ref-type="table"}). The majority of patients were female in both the groups with 71.2% in the GDMT group and 72.0% in the UMT group. The patients in either group were predominantly white with 63.3% in the GDMT group and 66.5% in the UMT group, followed by black (GDMT = 17.3%, UMT = 13.7%) and Hispanic (GDMT = 15.1%, UMT = 14.3%). The two most common history findings in either group were positive cigarette smoking history (GDMT = 37.4%, UMT = 44.1%) and history of allergic rhinitis (GDMT = 37.4%, UMT = 39.1%) ([Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}). The differences in the frequencies were not statistically significant. Among the various comorbidities, patients being treated for asthma in our clinics most commonly suffered from psychiatric diagnoses (GDMT = 36.0%, UMT = 50.9%) and GERD (GDMT = 43.9%, UMT = 46.6%) ([Table 2](#T2){ref-type="table"}). Logistic regression analysis showed that the patients suffering from congestive heart failure appear to have increased odds of suffering from exacerbations. All other associated medical conditions did not have a significant association with the rate of exacerbation. Patients with moderate to severe asthma had on average 9.7 times greater odds of having exacerbations when compared to those with mild asthma. In addition, patients with allergic rhinitis were found to have two times greater odds of having exacerbations ([Table 3](#T3){ref-type="table"}).

###### Demographics and Clinical Characteristics

  Variable                                  Guideline-directed medical therapy (n = 139)   Usual medical therapy (n = 161)   P
  ----------------------------------------- ---------------------------------------------- --------------------------------- ----------
  Age (years), mean (SD)                    56.7 (15.6)                                    56.7 (15.8)                       0.986^a^
  Gender                                                                                                                     
    Male (n, %)                             40 (28.8)                                      45 (28)                           0.874^b^
    Female (n, %)                           99 (71.2)                                      116 (72)                          0.874^b^
  Race                                                                                                                       0.796^b^
    White (n, %)                            88 (63.3)                                      107 (66.5)                        
    Black (n, %)                            24 (17.3)                                      22 (13.7)                         
    Hispanic (n, %)                         21 (15.1)                                      23 (14.3)                         
    Asian (n, %)                            6 (4.3)                                        9 (5.6)                           
  Social factor, cigarette smoking (n, %)   52 (37.4)                                      71 (44.1)                         0.240^b^
  BMI (kg/m^2^), mean (SD)                  32.1 (8.3)                                     31.6 (7.2)                        0.635^a^
  Asthma severity                                                                                                            0.394^b^
    Mild (n, %)                             131 (94.2)                                     155 (96.3)                        
    Moderate (n, %)                         8 (5.8)                                        5 (3.1)                           
    Severe (n, %)                           0 (0.0)                                        1 (0.6)                           

^a^Independent *t*-test; ^b^Chi-square and Fisher's exact test. NS: not significant; BMI: body mass index; SD: standard deviation.

###### Associated Comorbid Conditions

  Variable                                Guideline-directed medical therapy (n = 139)   Usual medical therapy (n = 161)   P^a^
  --------------------------------------- ---------------------------------------------- --------------------------------- -------
  CHF (n, %)                              14 (10.1)                                      16 (9.9)                          0.969
  ESRD (n, %)                             1 (0.7)                                        0 (0.0)                           0.463
  ESLD (n, %)                             3 (2.2)                                        2 (1.2)                           0.537
  Anemia (n, %)                           22 (15.8)                                      27 (16.8)                         0.826
  Rheumatoid arthritis (n, %)             5 (3.6)                                        10 (6.2)                          0.300
  Multisystem rheumatic disorder (n, %)   12 (8.6)                                       9 (5.6)                           0.303
  Psychiatric diseases (n, %)             50 (36.0)                                      82 (50.9)                         0.650
  GERD (n, %)                             61 (43.9)                                      75 (46.6)                         0.640
  COPD (n, %)                             11 (7.9)                                       19 (11.8)                         0.263
  Allergic rhinitis (n, %)                52 (5.8)                                       63 (39.1)                         0.760
  Atopic dermatitis (n, %)                8 (17.6)                                       14 (8.7)                          0.330
  Nasal polyp (n, %)                      1 (0.7)                                        1 (0.6)                           1.000
  Eosinophilia (n, %)                     10 (8.6)                                       12 (9.0)                          0.926

^a^Chi-square and Fisher's exact test. CHF: congestive heart failure; ESRD: end-stage renal disease; ESLD: end-stage liver disease; GERD: gastroesophageal reflux disorder; COPD: chronic obstructive pulmonary disease.

###### Comorbidities and Relation to Exacerbations

  Variable                   Odds ratio^a^   95% confidence interval odds ratio   
  -------------------------- --------------- ------------------------------------ -------
  Age                        1.02            0.99                                 1.04
  Race                                                                            
    Caucasian vs. black      1.06            0.46                                 2.44
    Caucasian vs. Hispanic   0.93            0.38                                 2.25
    Caucasian vs. Asian      1.99            0.50                                 7.94
  BMI                        1.03            0.99                                 1.07
  COPD overlap               2.755           0.80                                 9.45
  CHF                        4.34            1.25                                 15.01
  ESLD                       0.17            0.01                                 3.78
  Rheumatoid arthritis       0.86            0.21                                 3.56
  Multisystem disease        1.24            0.35                                 4.43
  Psychiatric disease        0.87            0.45                                 1.65
  GERD                       0.92            0.48                                 1.78
  Asthma severity            9.72            4.83                                 19.60
  Smoking history            1.48            0.79                                 2.79
  Allergic rhinitis          2.04            1.03                                 4.03
  Atopic dermatitis          1.10            0.24                                 4.99
  Nasal polyps               1.71            0.09                                 33.20
  Eosinophilia               0.60            0.18                                 2.00

^a^Logistic regression. BMI: body mass index; COPD: chronic obstructive pulmonary disease; CHF: congestive heart failure; ESLD: end-stage liver disease; GERD: gastroesophageal reflux disorder.

The majority of patient's in the GDMT group were treated with an SABA with 99.3% receiving this medication, compared to only 51.6% of those in the UMT group. The difference was statistically significant (P \< 0.05) ([Table 4](#T4){ref-type="table"}). ICS was the next most commonly prescribed treatment in the GDMT group with 49.6% of patients receiving this medication. Out of these patients 21.7% were prescribed a low dosage, 39.1% were prescribed a medium dosage, and 39.1% were prescribed high dosage. This was significantly higher than the frequency of ICS prescription to patients in the UMT group at 33.5% (P \< 0.05) ([Table 4](#T4){ref-type="table"}). Among the UMT group patients, 35.2% were prescribed a low dosage, 40.7% were prescribed a medium dosage, and 24.1% were prescribed a high dosage. Patients were also prescribed LABA at a significantly higher rate in the GDMT group compared to the UMT group (34.5% vs. 24.1%) (P \< 0.05) ([Table 4](#T4){ref-type="table"}). Of note, both LAMA and leukotriene inhibitors were prescribed at a significantly higher frequencies in the UMT group (9.9% and 37.9%, respectively) when compared to the GDMT group (2.2% and 16.5%, respectively) (P \< 0.05) ([Table 4](#T4){ref-type="table"}). Prescription of omalizumab was rare and only seen in 1.4% of the GDMT group and none in the UMT group ([Table 4](#T4){ref-type="table"}).

###### Medications Prescribed

  Medication                                 Guideline-directed medical therapy (n = 139)   Usual medical therapy (n = 161)   P^a^
  ------------------------------------------ ---------------------------------------------- --------------------------------- ----------
  Short-acting beta agonist (n, %)           138 (99.3)                                     83 (51.6)                         \< 0.001
  Inhaled corticosteroid (n, %)              69 (49.6)                                      54 (33.5)                         0.005
    Low (n, %)                               15 (10.8)                                      19 (11.8)                         
    Medium (n, %)                            27 (19.4)                                      22 (13.7)                         
    High (n, %)                              27 (19.4)                                      13 (8.1)                          
  Long-acting beta agonist (n, %)            48 (34.5)                                      34 (21.1)                         0.009
  Long-acting muscarinic antagonist (n, %)   3 (2.2)                                        16 (9.9)                          0.006
  Leukotriene inhibitor (n, %)               23 (16.5)                                      61 (37.9)                         \< 0.001
  Omalizumab (n, %)                          2 (1.4)                                        0 (0.0)                           0.214

^a^Chi-square and Fisher's exact test.

When comparing outcomes between the two groups, we found that significantly more patients in the GDMT group suffered from recorded exacerbations with 43.9% having one, 3.6% having two, and 0.7% having three recorded exacerbations in the prior year, compared to the frequencies of exacerbations in the UMT group, with 29.2% suffering from one, 1.9% suffering from two, and 1.2% suffering from three (P \< 0.05) ([Table 5](#T5){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"}). The number of recorded hospitalizations as a result of uncontrolled asthma exacerbations was also found to be higher in the GDMT group (5.8% suffering from one in the last year) when compared to the UMT group (3.1% suffering from one and 0.6% suffering two in the last year), although the difference was not found to be statistically significant (P = 0.349) ([Table 5](#T5){ref-type="table"}).

###### Exacerbations and Hospitalizations

  Patient outcome              Guideline-directed medical therapy (n = 139)   Usual medical therapy (n = 161)   P^a^
  ---------------------------- ---------------------------------------------- --------------------------------- -------
  Number of exacerbations                                                                                       0.034
    0 (n, %)                   72 (51.8)                                      109 (67.7)                        
    1 (n, %)                   61 (43.9)                                      47 (29.2)                         
    2 (n, %)                   5 (3.6)                                        3 (1.9)                           
    3 (n, %)                   1 (0.7)                                        2 (1.2)                           
  Number of hospitalizations                                                                                    0.349
    0 (n, %)                   131 (94.2)                                     155 (96.3)                        
    1 (n, %)                   8 (5.8)                                        5 (3.1)                           
    2 (n, %)                   0 (0.0)                                        1 (0.6)                           

aa ^a^Independent *t*-test.

![Frequencies of number of exacerbations per year.](jocmr-12-362-g001){#F1}

Discussion {#s4}
==========

In our study, we found that nearly half of the patients in the primary care setting received guideline-directed therapy as per GINA \[[@R08]\]. Non-adherence to the GINA asthma management guidelines occurs due to a variety of reasons, including lack of knowledge of current guideline recommendations \[[@R14], [@R15]\], patient factors such as affordability or insurance coverage \[[@R16]\], and integration of guidelines within each clinic's EMRs \[[@R17], [@R18]\]. While physician awareness and patient factors do play a role in influencing the practice, guidelines being better integrated within an EMR, whether it be through decision support tools or best practice notifications, have also been shown to increase provider adherence to current recommendations \[[@R19]\]. There are no studies analyzing primary care providers' adherence to the 2018 GINA guidelines and its impact on patient outcomes, hence our findings are unique.

In our study, we also found that there was no significant difference in the hospitalization rates for patients being treated with GDMT when compared to those receiving provider driven UMT. Interestingly, we found a significant decrease in the rate of exacerbations in the group of patients who received usual care when compared to those who received GDMT. Possible reasoning for this is that many patients who fell in the category of physician driven care were those who probably stepped up in therapy too soon, whether it be through addition of long-acting beta agonists prior to prescribing high-dose ICSs, or the addition of leukotriene inhibitors for patients with comorbid conditions, which the guidelines do not account for. These small variations done at the physician's discretion may have provided better control on a case-by-case basis when compared to the more generalized guidelines.

We also found that there were no significant differences in the outcomes between patients of different genders, race or BMI. There are studies that reported both a higher prevalence of disease \[[@R20], [@R21]\] and a higher rate of hospitalizations in patients of black or Hispanic race when compared to white; and less frequent office follow-up visits with the primary care providers by the patients of black and Hispanic races \[[@R22], [@R23]\]. This is influenced by the finding that in the past patients of black or Hispanic race were less likely to be prescribed more advanced therapies, such as ICS \[[@R24], [@R25]\]. Lavoie et al found that elevated BMI was associated with poor asthma control, as measured by the patient subjective symptoms, but not severity \[[@R26]\]. Our findings are unique as we found no significant differences in the outcomes between patients of different genders, race or BMI.

Our findings also indicate that the patients suffering from congestive heart failure appear to have increased odds of suffering from exacerbations. Previously, this was thought to be due to beta blocker use and its effect on bronchospasm. Hanania et al found that patients carrying a diagnosis of mild bronchial asthma received increasing doses of nadolol with no findings of worsened symptoms or worsened pulmonary function testing \[[@R27]\]. Similarly, we found that the patients with allergic rhinitis had two times greater odds of having exacerbations. This is in line with the previous analyses showing an increased prevalence in emergency room visits \[[@R28]\] and difficulty achieving symptom control in patients suffering from asthma with diagnosed allergic rhinitis \[[@R29]\]. In addition, it has also been reported that treating the coexistent allergic rhinitis both improves asthma control and reduces health care burden \[[@R30], [@R31]\], whether it be through use of inhaled steroids or oral leukotriene inhibitors \[[@R30]\].

There were several limitations in this study. Being a retrospective review, we had a chance to examine patient records over the course of approximately 1 year only, which restricted our ability to predict longer term outcomes of patients on different asthma therapies. Additionally, the information obtained was through review of our EMR, and as such our ability to measure outcomes was dependent on diligent documentation at the time of the patients' visits.

The major strengths of our study were the review of clinical data of our established patients in our primary care office who were followed at a scheduled interval and were treated by the same care provider, which allowed us to analyze the provider specific management strategies, adherence and outcomes; as well as inclusion of a multitude of associated medical conditions that could have influenced the management outcomes.

Conclusions {#s4a}
-----------

We conclude that primary care providers' adherence to the 2018 GINA guidelines for asthma treatment did not offer benefit to patient outcomes, such as number of exacerbations or hospitalizations, compared to the usual medical care of bronchial asthma. Patient-tailored care may offer reduction in the rates of exacerbations and hospitalization.
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